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1.
Introduction

At RAN4#88 in Gothenburg a draft CR R4-1809756 [1] was provided to add an FR2 Intra-frequency SS-RSRP accuracy RRM test case in TS 38.133 [2]. The CR was noted, but several key points were discussed in the RRM test cases adhoc, and recorded in the minutes R4-1811713 [3].
It is useful to assess practical implementation of the test case, noting points from the approved Way Forward on remaining issues for RRM testing methodology in R4-1811890 [4] and on spherical coverage in R4-1811809 [5].
2.
Test case as proposed in R4-1809756
The extract below shows the test case as proposed in R4-1809756 [1]. The text/values with yellow highlight are discussed in this document.
Z.10.1.1.1.2
Test parameters

In this set of test cases all cells are on the same carrier frequency. Supported test configurations are shown in table Z.10.1.1.1.2-1. Both absolute and relative accuracy of SS-RSRP intra frequency measurements are tested by using the parameters in Table Z.10.1.1.1.2-2. In all test cases, Cell 1 is the PCell and Cell 2 the target cell.

Table Z.10.1.1.1.2-1: SS-RSRP Intra frequency SS-RSRP supported test configurations

	Configuration
	Description

	1
	120 kHz SSB SCS, 100MHz bandwidth, TDD duplex mode

	Note: The UE is only required to pass in one of the supported test configurations


Table Z.10.1.1.1.2-2: SS-RSRP  Intra frequency test parameters

	Parameter
	Unit
	Test 1
	Test 2
	Test 3

	
	
	Cell 1
	Cell 2
	Cell 1
	Cell 2
	Cell 1
	Cell 2

	SSB ARFCN
	
	freq1
	freq1
	freq1

	BWchannel
	MHz
	See test configuration parameters
	See test configuration parameters
	See test configuration paramaters

	PDSCH Reference measurement channel 
	
	TBD  (config 1)


	-
	TBD  (config 1)


	-
	TBD  (config 1)


	-

	OCNG Patterns
	
	TBD  (config 1)


	TBD  (config 1)


	TBD  (config 1)


	TBD  (config 1)


	TBD  (config 1)


	TBD  (config 1)



	SS block transmission periodicity
	ms
	20
	20
	20
	20
	20
	20

	Number of SS blocks per SS burst
	
	2
	2
	2
	2
	2
	2

	SMTC periodicity
	ms
	20
	20
	20
	20
	20
	20

	SMTC duration
	ms
	1
	1
	1
	1
	1
	1

	PDSCH/PDCCH subcarrier spacing
	kHz
	120 (config 1)
	120 (config 1)
	120 (config 1)
	120 (config 1)
	120 (config 1)
	120 (config 1)

	UE orientation around TBD axis and TBD axis
	degrees
	4 randomly selected orientations
	4 randomly selected orientations
	4 randomly selected orientations

	Relative difference in angle of arrival
	degrees
	NA
	0
	NA
	0
	NA
	0

	PBCH_RA
	dB
	0
	0
	0
	0
	0
	0

	PBCH_RB
	
	
	
	
	
	
	

	PSS_RA
	
	
	
	
	
	
	

	SSS_RA
	
	
	
	
	
	
	

	PBCH_DMRS_RA
	
	
	
	
	
	
	

	PBCH_DMRS_RB
	
	
	
	
	
	
	

	PDCCH_RA
	
	
	
	
	
	
	

	PDCCH_RB
	
	
	
	
	
	
	

	PDSCH_RA
	
	
	
	
	
	
	

	PDSCH_RB
	
	
	
	
	
	
	

	OCNG_RANote1
	
	
	
	
	
	
	

	OCNG_RBNote1 
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Note2


	NR_TDD_FR2_A
	dBm/SSB SCSNOTE5
	-106
	-88
	TBD+1

	
	NR_TDD_FR2_B
	
	
	
	TBD+1

	
	NR_TDD_FR2_C
	
	
	
	TBD+1

	
	NR_TDD_FR2_D
	
	
	
	TBD+1

	
	NR_TDD_FR2_E
	
	
	
	TBD+1

	
	NR_TDD_FR2_F
	
	
	
	TBD+1

	
	NR_TDD_FR2_G
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 Note 6
	dB
	2.5
	-6
	2.5
	-6
	0.46
	-5.76

	SS-RSRPNote3
	NR_TDD_FR2_A
	dBm/SCS NOTE5
	-100
	-105
	-82
	-87
	TBD+4
	TBD

	
	NR_TDD_FR2_B
	
	
	
	
	
	TBD+4
	TBD

	
	NR_TDD_FR2_C
	
	
	
	
	
	TBD+4
	TBD

	
	NR_TDD_FR2_D
	
	
	
	
	
	TBD+4
	TBD

	
	NR_TDD_FR2_E
	
	
	
	
	
	TBD+4
	TBD

	
	NR_TDD_FR2_F
	
	
	
	
	
	TBD+4
	TBD

	
	NR_TDD_FR2_G
	
	
	
	
	
	TBD+4
	TBD

	IoNote3
	NR_TDD_FR2_A
	dBm/90 MHz NOTE5
	-69.29 
	-51.29
	X 

	
	NR_TDD_FR2_B
	
	
	
	X

	
	NR_TDD_FR2_C
	
	
	
	X 

	
	NR_TDD_FR2_D
	
	
	
	X

	
	NR_TDD_FR2_E
	
	
	
	X

	
	NR_TDD_FR2_F
	
	
	
	X 

	
	NR_TDD_FR2_G
	
	
	
	X 
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Note 6
	dB
	6
	1
	6
	1
	3
	-1

	Propagation condition
	-
	AWGN
	AWGN
	AWGN

	Note 1:
OCNG shall be used such that both cells are fully allocated and a constant total transmitted power spectral density is achieved for all OFDM symbols.

Note 2:
Interference from other cells and noise sources not specified in the test is assumed to be constant over subcarriers and time and shall be modelled as AWGN of appropriate power for 
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 to be fulfilled.

Note 3:
SS-RSRP and Io levels have been derived from other parameters for information purposes. They are not settable parameters themselves.

Note 4:
SS-RSRP minimum requirements are specified assuming independent interference and noise at each receiver antenna port.
Note 5: 
Equivalent power received by an antenna with 0dBi gain at the centre of the quiet zone
Note 6:     As observed with 0dBi gain antenna at the centre of the quiet zone



Z.10.1.1.1.3
Test Requirements

The SS-RSRP measurement accuracy shall fulfil the requirements in sections 10.1.3.1.1 and 10.1.3.1.2. The minimum antenna gain assumed in the measurements is TBD dBi and the maximum antenna gain assumed in the measurements is TBD dBi. The test shall be passed for at least 3 out of the 4 randomly selected UE orientations.
3.
Io values
The subtests as proposed in R4-1809756 [1] appear to be based on LTE Test case A.9.1.1 in TS 36.133 for intra-frequency absolute and relative RSRP accuracy, where Test 1 is chosen with Io just less than -70dBm (a breakpoint for absolute accuracy), Test 2 is chosen with Io less than -50dBm (the upper limit of the Io side condition) and Test 3 is chosen with band-dependent RSRP at the lowest value, close to Refsens.

The relevant core requirements for FR2 intra-frequency absolute and relative SS-RSRP accuracy are extracted from the Editor CR on TS38.133 after RAN4#88 [6]:
10.1.3
Intra-frequency RSRP accuracy requirements for FR2

10.1.3.1
Intra-frequency SS RSRP accuracy requirements
10.1.3.1.1
Absolute SS RSRP Accuracy
Unless otherwise specified, the requirements for absolute accuracy of SS RSRP in this clause apply to a cell on the same frequency as that of the serving cell.
The accuracy requirements in Table 10.1.3.1.1-1 are valid under the following conditions:

· Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB,
· Other conditions are TBD.
Table 10.1.3.1.1-1: SS RSRP Intra frequency absolute accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/120kHz SSB SCS 
	dBm/240kHz SSB SCS
	dBm/BWChannel
	dBm/BWChannel

	([6]
	([9]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	([8]
	([11]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.


10.1.3.1.2
Relative SS RSRP Accuracy

The relative accuracy of SS RSRP is defined as the SS RSRP measured from one cell compared to the SS RSRP measured from another cell on the same frequency.
The accuracy requirements in Table 10.1.3.1.2-1 are valid under the following conditions:
· Conditions for intra-frequency measurements are fulfilled according to Annex B.2.2 for a corresponding Band for each relevant SSB,
· Other conditions are TBD.
Table 10.1.3.1.2-1: SS RSRP Intra frequency relative accuracy

	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	NR operating band groups 
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/120kHz SSB SCS 
	dBm/240kHz SSB SCS
	dBm/BWChannel
	dBm/BWChannel

	([6]
	([9]
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	
	
	
	TBD
	TBD
	TBD
	TBD
	TBD

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The parameter Ês/Iot is the minimum Ês/Iot of the pair of cells to which the requirement applies.


Although the Io side conditions are currently “TBD” for FR2, the -70dBm/Ch BW breakpoint for absolute accuracy and the -50dBm/Ch BW upper limit for both absolute and relative are specified for FR1, so it seems likely that they will also be specified for FR2. On this basis it seems reasonable to align the test parameters:
· Proposal 1: The Io values in subtests are aligned with TS 38.133 Core requirements

On a related point, for a test case specified with “100MHz bandwidth” Anritsu’s understanding is that for the fully allocated scenario Io/Ch BW should be calculated based on the power per subcarrier, 12 subcarriers per RB, and the number of RBs as defined in TS 38.101-2 [7]:
5.3.2
Maximum transmission bandwidth configuration

The maximum transmission bandwidth configuration NRB for each UE channel bandwidth and subcarrier spacing is specified in Table 5.3.2-1

Table 5.3.2-1: Maximum transmission bandwidth configuration NRB
	SCS (kHz)
	50MHz
	100MHz
	200MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


Using this method, Io would be calculated as (total dBm power per subcarrier of AWGN + Cell 1 + Cell 2) + 10 x log10(66 x 12). This would give an Io value of –69.06dBm/95.04MHz, although as mentioned in proposal 1, Io should be aligned to be just below the core requirement breakpoint, likely to be -70dBm.

· Proposal 2: Io/Ch BW is calculated based on the power per subcarrier and the number of RBs 

4.
Directions for testing
4.1 Subtest 3, near Refsens
In Anritsu’s understanding subtest 3 proposed in R4-1809756 [1] is intended to have band-dependent SS-RSRP at the lowest value, close to Refsens. In TS 38.101-2 [7] EIS Refsens is only specified in the Rx beam peak direction, so subtest 3 should be performed only in that direction:
· Proposal 3: Subtest 3 is performed in the Rx beam peak direction only  

4.2 Subtest 1, Io below -70dBm breakpoint for absolute accuracy
Directions other than Rx beam peak will be specified by the FR2 EIS Spherical Coverage Requirement. The percentile and dB values are not yet specified in TS 38.101-2 [7], but a Way Forward was proposed in R4-1811809 [5] and it has been agreed that EIS spherical coverage will be specified. An example CR provided at RAN4#88 was R4-1811024 [8], which proposed: 

7.3.2.3
Reference sensitivity power level for power class 3

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annex A.3.2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal) with peak reference sensitivity specified in Table 7.3.2.3-1. The requirement is verified with the test metric of EIS (Link=Beam peak search grids, Meas=Link Angle).

Table 7.3.2.3-1: Reference sensitivity 

	Operating band
	REFSENS (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-88.3
	-85.3
	-82.3
	-79.3

	n258
	-88.3
	-85.3
	-82.3
	-79.3

	n260
	-85.7
	-82.7
	-79.7
	-76.7

	n261
	-88.3
	-85.3
	-82.3
	-79.3


The maximum EIS at the 50th percentile of the distribution of EIS measured over the full sphere around the UE is defined as the EIS spherical coverage requirement and is found in Table 7.3.2.3-2 below. 

Table 7.3.2.3-2: UE EIS spherical coverage for power class 3
	Operating band
	REFSENS (dBm) at 50th %ile / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	-77.4
	-74.4
	-71.4
	-68.4

	n258
	-77.4
	-74.4
	-71.4
	-68.4

	n260
	-73.1
	-70.1
	-67.1
	-64.1

	n261
	-77.4
	-74.4
	-71.4
	-68.4


We note that the n260 50% EIS spherical coverage Refsens value proposed in R4-1811024 [8] for Power class 3 was -70.1dBm/100MHz and 74.4dBm/100MHz for n257. In a realistic over-the air test the downlink level at the reference point would have an uncertainty estimated at ±[6.7dB] in TR 38.810 [9], and it would not be possible for example to keep the n257 level both above the -74.4dBm spherical coverage requirement and below the -70dBm Io side condition. We therefore propose:

· Proposal 4: Subtest 1 is performed in directions selected from the UE EIS spherical coverage directions map, but may be further restricted to Rx beam peak direction only for some bands and power classes 

4.3 Subtest 2, Io below -50dBm side condition
The effect of this CR for UE power class 3 would be to allow a 10.9dB relaxation in Refsens for 50% spherical coverage, and no specified performance for the other 50%. For FR2 RRM test cases, this means that the angle of arrival must be within the 50% where Refsens is specified. As mentioned in R4-1810563 [10], there is no requirement for the 50% coverage to be contiguous, so it could be located anywhere. Anritsu’s companion Tdoc in R4-1812086 [11] considers how to identify the directions used for FR2 UE RRM test cases, and results in a “directions map” where the UE would meet (Refsens + specified dB relaxation).

· Proposal 5: Subtest 2 is performed in directions selected from the UE EIS spherical coverage directions map 

Because of the further variation in EIS (due to antenna gain variation) of about 11dB over the spherical coverage directions, it is not clear whether absolute SS-RSRP can be measured in non-beam peak directions. It is FFS whether absolute SS-RSRP can usefully be tested in subtest 1 and subtest 2.

5.
Downlink signal levels
The maximum signal level applied to the UE is likely to be -50dBm/Ch BW at the test system reference point. Using the values in R4-1809772 [12] for a Direct Far Field system (chosen as it is the baseline setup in TR 38.810 [9]), the test system would need to provide:
(-50dBm +62.3dB free space path loss -12dB probe antenna gain +8dB cable loss) = +8.3dBm. This is inside the (+23dBm power amplifier P1dB compression -13dB backoff) = 10dBm limit, so within the test system capability.
The required downlink signal level can be provided by the test system. RAN5 consideration of test equipment downlink power setting uncertainty will decrease the applied value to ensure the side condition is met.
6.
Reported SS-RSRP values
The text proposed in R4-1809756 [1] states “The minimum antenna gain assumed in the measurements is TBD dBi and the maximum antenna gain assumed in the measurements is TBD dBi”.

Anritsu’s companion Tdoc R4-1812085 [13] considers factors that may set the realistic UE antenna gain range, and proposes values that could be used as a working assumption to design RRM Test cases.
7.
How many directions should pass
Based on proposals 3, 4 and 5 the UE should pass the 90% SS-RSRP reporting requirement in all the directions tested, since the directions are either Rx beam peak or selected from the UE EIS spherical coverage directions map. 
· Proposal 6: UE should pass the 90% SS-RSRP reporting requirement in all the directions tested 

8.
Way Forward

RAN4 is asked to endorse the following proposals for FR2 Intra-frequency SS-RSRP accuracy RRM test case:
· Proposal 1: The Io values in subtests are aligned with TS 38.133 Core requirements
· Proposal 2: Io/Ch BW is calculated based on the power per subcarrier and the number of RBs

· Proposal 3: Subtest 3 is performed in the Rx beam peak direction only

· Proposal 4: Subtest 1 is performed in directions selected from the UE EIS spherical coverage directions map, but may be further restricted to Rx beam peak direction only for some bands and power classes 

· Proposal 5: Subtest 2 is performed in directions selected from the UE EIS spherical coverage directions map
· Proposal 6: UE should pass the 90% SS-RSRP reporting requirement in all the directions tested
We note also it is FFS whether absolute SS-RSRP can usefully be tested in subtest 1 and subtest 2.
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